The frequency of cesarean section (C-section) delivery has increased worldwide and some of these procedures may be unnecessary cesarean deliveries.[@ref1]-[@ref3] A recent worldwide study that gathered data between 2005-2012 from 194 countries (all World Health Organization \[WHO\] member states) reported a prevalence of 19% C-sections out of all deliveries.[@ref4] The prevalence of cesarean deliveries is widely documented in the Kingdom of Saudi Arabia (KSA), ranging from 4-41%, depending on the delivery practice, hospitals, and regions.[@ref5]-[@ref8]

Cesarean section is prevalent in our center (King Abdulaziz Medical City in Riyadh, KSA). It has been reported that there were 19.1% C-sections of all 22,595 deliveries from June 2008 to February 2011. However, according to the hospital records, this rate has risen dramatically to 27% in 2016.[@ref6] The rate in our center exceeded what the WHO has suggested, where 15% is considered the acceptable rate.[@ref9] Studies are warranted to understand and evaluate the factors associated with the high frequency of C-sections and to develop programs or guidelines to reduce C-section rates while keeping maternal and neonatal safety.

Studies from various regions of the globe reported several factors associated with the high rate of C-sections. Most of these studies on C-section factors have focused on binary outcome whether or not women had a C-section rather than the frequency of associated factors for C-sections. For instance, authors had shown that the odds of C-sections have increased with maternal age.[@ref10]-[@ref15] An assessment of how pregnant women's characteristics affect the frequency of C-sections remains inadequately described.

The study investigated whether the following factors are more likely to increase the rate of C-section: old maternal age, little education, undergoing C-section due to medical indications, and willingness to repeat C-section in the absence of medical indications. The purpose of this study was to identify the contributing factors for C-sections in a sample of pregnant women and to examine its frequency at King Abdulaziz Medical City in Riyadh, KSA.

Methods {#sec1-2}
=======

This cross-sectional study was approved (\#RC17/051-R) by the Institutional Review Board (IRB) at King Abdullah International Medical Research Center (KAIMRC) in Riyadh, KSA. The study population was pregnant women who attended the Gynecology and Obstetrics Clinic at King Abdulaziz Medical City in Riyadh, KSA between March -June 2017 for a routine pregnancy follow-up. Women were asked whether they were planning on undergoing a C-section for the current pregnancy. Women planning or undergoing vaginal delivery were excluded from the study. A total of 440 women who were planning or undergoing a C-section were asked for their consent to participate in the study, and 364 consented in writing to participate, with a response rate of 364/440 (82.7%). The study questionnaire included women's socioeconomic and clinical data: age, university degree holder, income levels (\$1=SR3.75), nationality, employment status, personal history of vaginal delivery, whether received education or medical information on the possibility to deliver by C-section, undergoing C-section due to medical indications, and willing to repeat C-section in the absence of medical indications. Medical indications were classified according to the presence of one or more of the following reasons: multiple pregnancies, small maternal pelvic, abnormal fetal lie and presentation, high or low birth weight, maternal infection, life threatening complication of pregnancy, placenta previa, none reassuring fetal monitoring, history of failed progress of labor, and previous multiple C-sections.

Our outcome was to assess the frequency of each woman's previous cesarean deliveries. Women were asked to report the number of previous cesarean deliveries. A *p*-value ≥0 was considered a possible response, namely, 0 indicates no previous cesarean deliveries, 1 indicates one previous cesarean delivery, 2 indicates 2 previous cesarean deliveries. We also presented hospital records on total deliveries and frequency of cesarean deliveries from January 2010 through December 2016.

Statistical analysis {#sec2-1}
--------------------

Descriptive, bivariate, and multivariate analyses were carried out using SPSS version 24 (IBM Corp., Armonk, NY, USA). Numerical characteristics were presented as mean±standard deviation, minimum, and maximum. Categorical characteristics were presented as frequency and percentage (**[Table 1](#T1){ref-type="table"}**). Modeling count data was used to estimate the rate of C-sections and to identify the associated factors. Generalized estimating equations with Poisson and negative binomial distributions were considered and assessed using the deviance (a *p*-value=1 would be best) and Akaike Information Criterion (AIC) (the smaller the better) to find the best model. Poisson Bivariate and Poisson Multivariate models were used to identify factors associated with a greater rate or lower rate of C-sections (**[Table 2](#T2){ref-type="table"}**). Risk ratio (RR) estimate and 95% confidence intervals (CI) were used to interpret whether the rate increased or decreased in the frequency of C-section. Factors were considered significant at a *p*-value of \<0.05.
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Sample characteristics of the study (N=364).
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Factors associated with high rate of cesarean section (C-section).
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Results {#sec1-3}
=======

The sample mean age was 32.3 years (range 16-45 years. Of the 364 women planning C-section as a mode of delivery for the current pregnancy, 142/355 (40%) had a personal history of vaginal delivery, 180/346 (52%) had a university degree, 34/333 (10.2%) had no income or income of less than 5000 SR (\$1=SR3.75) (**[Table 1](#T1){ref-type="table"}**). Of the sample, 50/364 (13.7%) were planning C-sections without medical indication and 79/322 (24.5%) were willing to repeat a C-section in absence of medical indications. The C-section rate at King Abdulaziz Medical City in Riyadh, KSA has increased since 2010 when the rate was 20.3%. In 2015-2016, the rate was the highest recorded at 27% (**[Figure 1](#F1){ref-type="fig"}**).
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The frequency of C-sections was reported in **[Table 1](#T1){ref-type="table"}**.

Simple Poisson models (**[Table 2](#T2){ref-type="table"}**) showed women with older age (risk ratio \[RR\]=1.06, *p*=0.001), lack of education (RR=1.37, *p*=0.003), women with low income (RR=1.85, *p*=0.002), no personal history of vaginal delivery (RR=1.43, *p*=0.001), and undergoing a C-section due to medical indications (RR=1.70, *p*=0.003) were associated with the lower rate of C-sections. The multivariate Poisson regression model (**[Table 2](#T2){ref-type="table"}**) showed that the factors associated with the greater rate of C-sections were women with older maternal age (aRR=1.08, *p*=0.001), lack of education (aRR=1.39, *p*=0.022), no personal history of vaginal delivery (aRR=1.85, *p*=0.001), undergoing C-section due to medical indications (aRR=2.28, *p*=0.001), and willing to repeat C-section in the absence of medical indications (aRR=1.49, *p*=0.006).

As compared to the negative binomial model, the Poisson model fit the data well. The Poisson model had a deviance value of slightly more than one compared to the negative binomial regression model (1.18 versus 0.66). The AIC was smaller for the Poisson regression model compared to the negative binomial regression model (657 versus 715).

Discussion {#sec1-4}
==========

A review of research studies that published factors associated with C-sections indicates that solid conclusions may not be made, because these studies modeled a binary outcome (C-section Yes/No), where they identified factors associated with greater odds of C-section.[@ref10],[@ref12],[@ref14] In our center, the C-sections performed accounted for 20.4% (1733/8499) of all of deliveries in 2010. This rate has steadily increased to 27% (2307/8557) of all of deliveries in 2016; 33.1% of the increase can be attributable to an increase in the frequency of C-sections.

The study found that there is a marked increase in the frequency of C-section with increasing age. As age increases by one year, the rate of C-section increases by 8%. Other studies have also demonstrated that higher odds of C-section are associated with older maternal age.[@ref11],[@ref13],[@ref15] Such findings can be explained by the fact that older women are at high risk of pregnancy-related complications, which may lead to a C-section. The pregnancy in women with older age\>35 must be carefully monitored.

The major finding of our study is that the frequency of C-sections was significantly higher for women who are willing to repeat C-section in the absence of medical indications. The rate of C-sections is a 49% increase in women willing to repeat C-sections in the absence of medical indications compared to those who are not willing to repeat C-sections in the absence of medical indications. In line with this finding, women with no university degree positively contributed to the high rate of C-section, an increase of 38.9% as compared to women with a university degree. We speculate that improving pregnant women's attitudes and knowledge toward the frequency of C-sections and their risks may reduce the rate of C-sections.

Study limitations {#sec2-2}
-----------------

The findings may not be generalized, as the study represents pregnant women who were attending the Gynecology and Obstetrics Clinic at King Abdulaziz Medical City in Riyadh, KSA and were planning on undergoing a C-section. The significant findings represent association, not causation, and it should be interpreted with caution due to the nature of our study design (cross-sectional). Despite the mentioned limitations, our study of frequency of C-sections and their associated factors is very informative, as there is no data available for women who have undergone previous C-sections.

In conclusion, C-sections are very frequent and prevalent in our center. The frequency of C-sections was significantly higher for women with older age, little education, no personal history of vaginal delivery, undergoing C-section due to medical indications, and willingness to repeat a C-section in the absence of medical indications. Ultimately, improving pregnant women's attitudes and knowledge toward the frequency of C-sections and its risks are needed to reduce the rate of C-sections. An interventional study is needed to assess the effectiveness of guidelines or programs on reducing the frequency of C-sections.
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